The wide use of minimally invasive transforaminal lumbar interbody fusion (MIS-TLIF) surgery in the treatment of degenerative disc disease of lumbar spine in spinal surgery highlights the gradual decrease in the use of traditional pedicle screw insertion technology. This study aims to analyze the accuracy of the true anteroposterior view pedicle screw insertion technique in MIS-TLIF surgery, compare it with conventional pedicle screw insertion technology, and discuss its clinical application value. Methods: Fifty-two patients undergoing true anteroposterior view (group A) and 87 patients undergoing conventional pedicle screw insertion (group B) were diagnosed with lumbar disc herniation or lumbar spinal stenosis. Time for screw placement, intraoperative irradiation exposure, accuracy rate of pedicle screw insertion, and incidence of neurovascular injury were compared between the two groups. Results: The time for screw placement and intraoperative irradiation exposure was significantly less in group A. Penetration rates of the paries lateralis of vertebral pedicle, medial wall of vertebral pedicle, and anterior vertebral wall were 1.44%, 0%, and 2.40%, respectively, all of which were significantly lower than that in group B. No additional serious complications caused by the placement of screw were observed during the follow-up period in patients in group A, but two patients with medial penetration underwent revision for unbearable radicular pain.
Introduction
Minimally invasive transforaminal lumbar interbody fusion (MIS-TLIF) is a minimally invasive spine surgical procedure that has been developed by combining with all types of expandable channels. After the introduction of MIS-TLIF by Foley et al, 1 the procedure has been widely used in the treatment of lumbar instability and lumbar intervertebral disc disease and has become the most mature of minimally invasive spine surgery. [2] [3] [4] Advances in minimally invasive surgery techniques for TLIF have reduced the incidence of complications and postoperative morbidity associated with conventional TLIF. 5, 6 When compared with conventional TLIF, MIS-TLIF appears to achieve similar fusion rates while reducing blood loss, soft tissue and muscle trauma, postoperative pain, and influence on spinal stabilization, increasing the speed of recovery.
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Bai et al is associated with significantly longer X-ray exposure time and neural injury-related complications caused by lack of surgical skills proficiency. 12, 13 In MIS-TLIF surgery, percutaneous pedicle screw insertion is one of the core technologies for surgeons. Conventional anteroposterior (AP) and lateral X-ray in standing position takes a long time for screw placement and higher time of intraoperative irradiation exposure, along with some errors. 14 The phenomenon of pedicle screw misplacement occurs frequently, which can cause spinal cord or nerve injury, great vessels or viscera injury, dural matter tear and cerebrospinal fluid leak, pedicle fractures, or other complications in severely ill patients. Although computer navigation in surgery and other more accurate positioning technologies have been in use for some time in recent years, it brought about inherent high cost, learning curve, and other new problems to be resolved on the basis of solving old problems, seriously restricting the development and promotion of this technique.
This article focuses on the application of percutaneous pedicle screw insertion technique, true AP view pedicle screw insertion technique, to MIS-TLIF surgery, emphasizing the apparent benefits of this emerging technology. The technique can be achieved under the auxiliary of intraoperative AP C-arm fluoroscopic images. The accuracy and safety of this pedicle screw insertion technique were evaluated by observing the postoperative complications and computed tomography scan and comparing it with conventional pedicle screw insertion technique.
Materials and methods inclusion and exclusion criteria
Inclusion criteria were: 1) patients preoperatively diagnosed with lumbar intervertebral disc protrusion with merger unilateral neurological symptoms and lumbar degenerative spondylolisthesis # I°; 2) patients who do not recover after more than 3 months regular conservative treatment; and 3) patients who underwent single-segment MIS-TLIF.
Exclusion criteria were: 1) patients with previous spinal surgery, a history of malignancy, trauma, infection, severe osteoporosis, or congenital malformations; 2) patients preoperatively diagnosed with lumbar intervertebral disc protrusion with merger unilateral neurological symptoms and lumbar degenerative spondylolisthesis . I°; 3) patients who did not undergo MIS-TLIF surgery; 4) patients with other serious diseases and metal allergies; and 5) patients whose information is incomplete or who were out of touch during the follow-up period.
subjects and study design
This study included 150 patients diagnosed with lumbar disc herniation or lumbar spinal stenosis, among which eleven patients were excluded because they were lost to follow-up; the remaining 139 patients underwent MIS-TLIF from February 2012 to December 2013. Seventy-seven males and 62 females (age range, 17-68 years; average age 51.9 years) were included. Appropriate subjects were selected according to the indication for MIS-TLIF surgery. According to the patient's will and randomized controlled principle, after approval by a votum of the Ethical Committee of The Third Hospital of Hebei Medical University, 52 patients who underwent true AP view and 87 patients who underwent conventional pedicle screw insertion were enrolled in this study. All patients were postoperatively followed-up for 7-29 months and the average follow-up for patients was 15.8 months. Lumbar AP and lateral X-rays films were obtained postoperatively, at 3 months postoperatively and at the time of the latest follow-up. Prior written informed consent was obtained from all of the subjects. This study was approved by the Ethical Committee of The Third Hospital of Hebei Medical University.
surgical techniques
After routine preoperative preparation, following the induction of general endotracheal anesthesia, the patient was evenly placed in a prone position on a radiolucent operating table so as to maintain the physiologic lumbar lordosis. The MIS-TLIF procedure was performed on the symptomatic side. C-arm guidance was used to determine the disc space and to draw the lateral pedicle line in the fluoroscopic anterior posterior view, and the lateral view was checked for tubular retractor system insertion. An incision was planned by connecting a line between the outer portions of both ends of the pedicles ( Figure 1A and B). Then, a skin incision was made on the more symptomatic side or more severe pathologic side according to the images. The paravertebral muscles were split and retracted laterally to the outer edge of the facet joint. The lamina and facet joint were exposed by using monopolar cautery and pituitary forceps. After sequential dilatation, a tubular retractor system (METRx; Medtronic Sofamor Danek, Memphis, TN, USA) was docked on the facet joint.
Unilateral total facetectomy and laminectomy were carried out using a high-speed drill and osteotomes. Adequate decompression was achieved by cutting a portion of lamina and facet as autologous bone graft with an osteotome and rongeur. After a complete facetectomy, the ligamentum flavum was removed en bloc with a curette to expose dural sac 
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True aP view in Mis-TliF and the lateral margin of the ipsilateral nerve root. To achieve decompression of the central canal and the contralateral side, the tubular retractor could be angled medially and the patient tilted laterally to decompress the contralateral side. Extensive decompression was performed, which included adequate decompression of central stenosis and the contralateral side. Then, the vertebral end plates were carefully prepared. Standard discectomy and endplate preparation were performed to construct the interbody fusion, and sufficient autologous bone graft obtained from the resected lamina and facet was packed in the anterior disc space. A single, long, bullet-shaped polyether-etherketone interbody cage (Capstone; Medtronic Sofamor Danek) filled with only autologous local bone was inserted obliquely across the disc space ( Figure 1C ). We did not perform any additional contralateral facet fusion in all the patients. After the interbody fusion was carried out, the tubular retractor was removed. The same decompression and fusion procedure were done at each segment. Following the decompression and fusion procedure, ipsilateral percutaneous pedicle screw was placed through the same skin incision, and contralateral percutaneous pedicle screw was also inserted through mirror incision under fluoroscopic guidance.
Convention percutaneous pedicle screw insertion
Depending on the depth of the tissue between the skin and pedicle, a 1-2 cm lateral skin incision was made to insert the Jamshidi needle at an appropriate angle into the pedicle, which was identified as a cylinder in adequate fluoroscopic images. Using the Jamshidi needle, docked against the bone at the junction of the base of the transverse process and facet joint, the lateral and AP C-arm fluoroscopic images were obtained to localize the needle tip and then the needle was gently tapped with a mallet to engage the tip in the bone. Fluoroscopy was intermittently used to confirm the direction and the depth to make sure the needle remained lateral to the medial pedicle wall. Under intermittent fluoroscopic guidance, the needle advanced to cross the pedicle center. The cannula was then exchanged for a flexible guidewire, which was inserted through the cannula into the pedicle. The fascia and muscle were dilated to allow screw placement. The pedicle was tapped using cannulated taps, and the percutaneous cannulated pedicle screw-rod system (Sextant; Medtronic Sofamor Danek) was placed. Titanium rod was used for bilateral compression screw fixation. Notes: (A) The iliac crests were palpated preoperatively and then a mark was made on the overlying skin at the uppermost margin of each iliac crest. after placing the preoperative grid locator on the patient's back with the center in the midline over the approximate spinal levels of interest and fixing with an adhesive plaster, the AP fluoroscopic X-ray image involved in the sacrum was obtained. A metal bar was placed on the skin of patients in an axial (left panel) and lateral (right panel) direction for guiding the cut calibration. (B) The levels for surgery were confirmed according to the different markers on the locator and mark the incision and pedicles. (C) Decompression and bone grafting of facet joints aided by expanding channels. The operation field was exposed by expanding channels (left image) and the edges of vertebral plates and zygapophysial joints were observable (center image). The intervertebral disc and cartilage endplate were excised (right image). Abbreviation: aP, anteroposterior.
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Bai et al True aP view pedicle screw insertion C-arm fluoroscopic images were obtained to localize the true AP when anterior and posterior edges of vertebral end plates overlapped in a line in the AP X-rays film. After the Quadrant system was removed, pedicle entry point was directly touched through the surgeon's index finger within the incision. The skin incision, typically 2-2.5 cm in length, is centered on the spinal needle entry point, parallel to the midline and ~4-5 cm lateral to it. After local hemostasis for the skin edges, the incision of the subcutaneous fat and lumbar fascia is continued with the 10-blade in a lateral to medial direction, and maintaining the same cranial to caudal angulation as the localizing spinal needle. The paraspinous muscle dissection was performed with the index finger, or with one of the smaller tubular dilators if the finger cannot fit through the skin incision. Lateral fluoroscopy was used to confirm the bony landmark to be identified with either the finger or the dilator, which is the junction between the spinous process and the lamina of the level of interest (eg, the L3 lamina if the L3-4 fusion is to be performed). Then, the paraspinous muscles can be gently detached from the underlying lamina with the tubular dilator. The tubular dilators of increasing size are then used to insert the final tubular retractor of ~18-20 mm (Figure 2A ). The correct placement of the tube is the 3 and 9 o'clock positions of bilateral vertebral pedicle, which is confirmed with AP fluoroscopy ( Figure 2B and C). After the Jamshidi needle was advanced through the pedicle into the vertebral body under fluoroscopic guidance, a blunt-tipped guidewire was inserted into the screw path. The appropriately sized cannulated pedicle screws were placed along the guidewire into the pedicle under fluoroscopic guidance using the percutaneous cannulated pedicle screw-rod system as mentioned above. Titanium rod was used for bilateral compression screw fixation.
No active bleeding of incision was noted. Drainage tube was placed and then the incision was sutured layer by layer. Three experienced spinal chief physicians from major hospitals participated in the surgical operation.
Clinical, radiological, and follow-up evaluation
Time for pedicle screw insertion
From the beginning of pedicle screw placement after operative decompression to the end pedicle screw placement, time for screw placement of the two percutaneous pedicle screw insertion techniques were counted, respectively. The average time required for placement of each screw and the proportion of time for screw placement to total operative time were recorded and computed.
intraoperative irradiation exposure
Intraoperative irradiation exposures of the two percutaneous pedicle screw insertion techniques were measured and compared.
The accuracy of pedicle screw insertion
Computed tomography of vertebral pedicle of the operative segment was performed on all patients after surgery. The percentage of pedicle screws that penetrate into the paries lateralis of vertebral pedicle, medial wall of vertebral pedicle, and anterior vertebral wall in the two percutaneous pedicle screw insertion techniques were calculated and compared. 
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The incidence of neurovascular injury complications
The incidence of neurovascular injury complications related to pedicle screw misplacement in the two percutaneous pedicle screw insertion techniques were analyzed and compared.
statistical analysis
Statistical analysis was performed with SPSS Version 13.0 (SPSS Inc., Chicago, IL, USA). All measurement data were analyzed by normality test and homogeneity test of variances. All data were recorded as mean ± standard deviation. Student's t-test and Fisher's exact test were used for intragroup comparison between the preoperative and postoperative state in each group. In all analyses, significance was defined as P,0.05.
Results
A total of 208 pedicle screws were inserted in group A and 348 pedicle screws were placed in group B. Postoperation follow-up X-ray films of all patients revealed that graft fusion was achieved in operative levels of patients at the time of the last follow-up.
Operative data for conventional and true AP view percutaneous pedicle screw insertion surgical procedures are presented in Figure 3 . The time for screw placement was 4.7 minutes for conventional and 8.4 minutes for true AP view percutaneous pedicle screw insertion surgical procedures. There was statistically significant difference found in the mean time for screw placement ( Figure 3A , P,0.05, Student's t-test). In addition, the intraoperative irradiation exposure was significantly lower for true AP view percutaneous pedicle screw insertion compared to conventional percutaneous pedicle screw insertion, with an average of 5.6 seconds in group A and 14.9 seconds in group B ( Figure 3B, P,0.05) .
Moreover, among the 556 pedicle screws interpreted in this series, 500 (89.93%) screws were interpreted as being correctly inserted. Postoperative radiographs showed three (1.44%) screws in group A and 24 (6.90%) screws in group B were overlong and penetrating into the paries lateralis of vertebral pedicle. Among the frank penetrations, ten (2.87%) screws in group B were found to penetrate into the medial wall of vertebral pedicle, whereas there was no screw violation 
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Bai et al in the medial wall of vertebral pedicle in group A. Besides, fracturing of the anterior vertebral wall caused by five (2.40%) crews in group A and 55 (10.34%) crews in group B was observed. Comparison results of the two groups showed that the penetration rate in group A was significantly lower than that in group B (Table 1 , P,0.05). No additional serious complications caused by the placement of screw were observed during the follow-up period in patients in group A. However, two patients with medial penetration underwent revision for unbearable radicular pain. The placement of screw in the patient with unbearable radicular pain was judged to show moderate medial misplacement; the patients recovered completely after repositioning of the screw on the following day ( Figure 3C ). The complication rate was 0.57%.
Discussion
The application of pedicle screw fixation in spine surgery has a history of more than 50 years. Posterior transpedicular screw initially was reported by Boucher in 1959, which was used for lumbosacral fusion fixation and gained good results. 15 Since then, various pedicle screw fixation systems have been used widely in spine surgery, which have strongly promoted the development of spine surgery. 16 Recently, with the popularity of minimally invasive concept, a variety of minimally invasive spine surgery techniques arise at the historic moment. MIS-TLIF was also widely accepted and quickly spread because of its minimal trauma, less complications, and steady curative effect. [2] [3] [4] Recently, the concept of MIS-TLIF has been widely recognized, and a variety of minimal invasion spine surgery techniques have been rapidly developed. As an alternative technology to traditional open TLIF, percutaneous pedicle screw insertion has the potential benefit of minimized surgical incision and tissue disruption, less paravertebral muscles damage, and reduced blood loss and length of hospitalization. 17 Most scholars believe that percutaneous placement of pedicle screws can reduce related complications, which is a safe and effective approach. 14, 18 MIS-TLIF offers several potential advantages, including postoperative back pain and leg pain, intraoperative blood loss, transfusion, and duration of hospital stay postoperatively in treating two-level lumbar degenerative disease, but other studies reported disadvantages of MIS-TLIF, such as steep learning curve and incomplete decompression. 19, 20 Literatures reported it required much more radiation exposure. 4, 21 In addition, as for the accuracy of pedicle screw insertion, previous studies found that though the incidence rate of screw misplacement during percutaneous pedicle screw insertion is lower than traditional open surgery, an incidence rate of 6%-23% still exists. 14, [22] [23] [24] To improve the accuracy of pedicle screw insertion and reduce intraoperative irradiation exposure, researchers have proposed all sorts of means for intraoperative monitoring screw placement, particularly for recent application of computer-aided technology that can significantly reduce the incidence of screw misplacement. 25, 26 But computer-aided technology required high-tech equipment and expensive titanium alloy implants, which is difficult to be popularized.
True AP view pedicle screw insertion technique in this study is based on anatomic characteristics of vertebral pedicle and develops from conventional pedicle screw insertion. Usually, pedicle length, that is the length from entrance point of pedicle screw placement to vertebral posterior, is ~14.6-19.13 mm. 27, 28 Thus, accurate pedicle screw insertion process can be divided into initialized position, interposition, and security bit. When in initialized position, puncture needle was at the 3 and 9 o'clock position of vertebral pedicle in AP X-ray view and behind the pedicle in lateral X-ray film ( Figure 4A ). When in interposition, puncture needle was at the neutral position of vertebral pedicle in AP X-ray film and half into the pedicle in lateral X-ray film ( Figure 4B ). When in security bit, puncture needle was at the inner margin of vertebral pedicle in AP X-ray film and completely into the pedicle to vertebral posterior in lateral X-ray film ( Figure 4C ). The development of true AP view percutaneous pedicle screw insertion technique is based on the analysis of corresponding relation of AP and lateral X-ray films in the accurate screw placement process. The key of this technique is to ensure that the C-arm fluoroscopy is located in the true AP position of transpedicular vertebral body, which means that the anterior and posterior edges of vertebral endplates overlap in a line, bilateral pedicle screw presents positional symmetry with closing to the upper end plate, and spinous process is located Three screws in group a were overlong, penetrating into the paries lateralis of vertebral pedicle, among which one screw also penetrated into the anterior vertebral wall.
b Twenty-four screws in group B were overlong, penetrating into the paries lateralis of vertebral pedicle, among which eleven screws also penetrated into the anterior vertebral wall. group a: patients undergoing true anteroposterior view. group B: patients undergoing conventional pedicle screw insertion.
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True aP view in Mis-TliF If puncture needle enters 18-20 mm through the initialized position and still does not penetrate into the inner edge of vertebral pedicle in true AP X-ray film, the accuracy and security of pedicle screw placement could be guaranteed. On the other hand, if puncture needle penetrates into the inner edge of vertebral pedicle in true AP X-ray film before entering 20 mm, we can speculate that the puncture needle enters into spinal canal.
The study is designed to compare patients who underwent true AP view pedicle screw insertion technique and patients who underwent conventional percutaneous pedicle screw insertion technique. Results demonstrated that compared to conventional percutaneous pedicle screw insertion technique, the remarkable advantages of true AP view pedicle screw insertion technique are as follows: 1) it reduces time for screw placement ( Figure 3A) . The application of true AP view pedicle screw insertion technique only needs the auxiliary of AP X-ray view and does not have to adjust the C-arm to lateral X-ray view. Furthermore, true AP X-ray film of intraoperative transpedicular vertebral body is not affected by vertebral side convex, vertebral rotation, and other abnormal location of vertebral body. It can provide absolute position reference for direction during the screw fixation and thus reduces time for screw placement and improves the efficiency of screw placement. 2) It reduces intraoperative irradiation exposure ( Figure 3B ). True AP view pedicle screw insertion technique was applied using only AP X-ray view to deduce the depth of puncture needle into vertebral pedicle in lateral view, without the auxiliary of lateral X-ray view, which could remarkably reduce intraoperative irradiation exposure. 3) It improves the accuracy of pedicle screw insertion (Table 1) . A total of 208 pedicle screws were inserted in patients undergoing true AP view pedicle screw insertion technique. Postoperative computed tomography of vertebral pedicle showed that there were three screws penetrating into the paries lateralis of vertebral pedicle, five screws penetrating into the anterior vertebral wall, and no screws penetrating into the medial wall of vertebral pedicle. Compared to 348 pedicle screws placed in patients undergoing conventional pedicle screw insertion technique, true AP view pedicle screw insertion technique showed a significantly higher accuracy of screw placement. What is more, since the application of true AP view pedicle screw insertion technique only needs the auxiliary of AP X-ray view and does not have to adjust the C-arm to lateral X-ray view, it may theoretically reduce the risk of perioperative infection. The accuracy of true AP view pedicle screw insertion technique was 96.6% in the current study, which has no obvious advantage when compared to computer navigation surgery, 21 but just the auxiliary of C-arm fluoroscopy is needed for true AP view pedicle screw insertion technique, which is obviously superior to computer navigation surgery in terms of required equipment, operation cost, and popularity. If surgeons have a good command of this technique, the accuracy of pedicle screw insertion may be remarkably improved. Besides, the statistical data in the present study were from one-man operated results. Therefore, if the assistants expertly master this technique as well, time for screw placement could be further shortened and the intraoperative irradiation exposure could be further reduced.
Conclusion
The application of true AP view pedicle screw insertion technique in MIS-TLIF surgery reduces the time for screw placement and the intraoperative irradiation exposure along with higher accuracy rate of screw placement, which is a safe, accurate, and efficient percutaneous pedicle screw insertion technique.
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